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That eosinophilia is associated with hookworm disease and stron-
gyloidosis has been known for a very long time. The details of this
association, however, have not been fully worked out. The data
presented here may help to fill some of the gaps in this knowledge,
and may show how the demonstration of the eosinophilia may be of
value to the epidemiologist as an index of hookworm or Stron-
gyloides infection under the following conditions:
1. The infection must be relatively recent (within one year).
The waxing and waning of eosinophilia relative to the time of infec-
tion are discussed below.
2. Other conditions causing eosinophilia must be relatively
unimportant. This method may not be applicable to troops evacu-
ated at certain seasons from such places as Guam or the coastal region
of India2 where "epidemic asthma" or "tropical eosinophilia" exists,
unless indeed further investigation reveals these conditions to be
manifestations of helminthiasis. Likewise, where schistosomiasis or
filariasis is. prevalent, confusion will arise unless incontrovertible
evidence of the specific nature of the parasite (or parasites, in the
many cases of multiple infection) is forthcoming.
3. Absence of eosinophilia must not be construed to indicate
absence of infection, particularly in old cases. Diurnal variations
occur, some individuals show slight, if any, eosinophilic response,
and certain other conditions, such as malaria (vide infra), may
counteract it.
Infection with Strot-gyloides stercoralis stood next in frequency
to ancylostomiasis among admissions from the Solomon lslands in
the 39th General Hospital New Zealand series. An analysis of the
results of all routine stool examinations performed there on hospital
patients between 7 February, 1943, and 31 December,@ 1943, showed
that of 633 specimens containing evidence of one or the other of
these diseases, 7.4 per cent were positive for larvae of the latter.
* From the Laboratory Service, 39th General Hospital, U.S.A.YALE JOURNAL OF BIOLOGY AND MEDICINE
Infections with other species such as Trichuris, Oxyuris, or
Ascaris were relatively rare in the troops studied (less than 1 per
cent), and filariasis has only rarely been acquired by white soldiers
in the Solomons or other areas where these troops had been in com-
bat or in training. (See next section for station lists.) There were
no clinical signs of filariasis among the many thousands of admis-
sions from the 25th and 43d Divisions to the 39th General Hospital.
Further evidence was gathered by Captain Henry Brody and Captain
J. D. Thomas, who performed skin tests with potent Dirofilaria (and
also Trichina) antigens on 40 hospitalized patients with eosinophilia
of 6 per cent or more. All of these were negative except for one
positive reaction to the Dirofilaria extract in an individual who had
hookworm ova in his stools. This man had no clinical signs or symp-
toms of filariasis.
Source of the data: The data, which encompass more than
25,000,eosinophile counts, were obtained at the 39th General Hospi-
tal in New Zealand as follows:
1. By reviewing the duplicate requisition slips (8,479 in num-
ber) containing hematological data of patients in the hospital from 7
February, 1943, to 15 November, 1943. These patients had been
continuously evacuated directly from the Solomons combat area dur-
ingthat time.
2. By performing eosinophile surveys on masses of troops from
the 25th and 43d Divisions when these came to New Zealand late
in 1943 and early in 1944. After the middle of November 1943
New Zealand became a rest area for these divisions and the 39th
General Hospital was used chiefly as a station hospital and rehabili-
tation center. The 25th Division, after a training period in Hawaii,
had fought on Guadalcanal from approximately the first of January
to the 9th of February, 1943, and on New Georgia or nearby islands
in the upper Solomons from the end of June to the middle of Octo-
ber 1943. They were evacuated to the New Zealand rest area begin-
ning in November 1943. The 43d Division, after training in Florida
and intermediate stops at New Zealand (November 1942), New
Caledonia (3 months), Guadalcanal (2 weeks), and Russell Islands
(time varies with unit), entered heavy combat on New Georgia in
June 1943. This campaign was officially over on 15 October, 1943.
Thetroops were sent to NewZealand in February 1944. The counts
on members of the 25th Division number 6,084 and on those of the
43d, 10,685. They were made by trained teams of laboratory tech-
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nicians working in cooperation with the administrative sections of the
Divisions who prepared rosters and otherwise assured a smooth flow
of representative material.
3. By correlating the results of the eosinophile counts and stool
examinations on a proportion of the men in each of the two groups
just defined. In the first group the correlation was made on the
patients in the hospital between 7 February, 1943, and 15 May,
1943 (table 1). In the second (routine survey) group of individuals
TABLE 1
PERCENTAGE OF POSITIVE STOOLS AT CERTAIN LEVELS OF EOSINOPHILIA
Positive* Positive
Bos. Number of (Only I stool (2 stools
level cases | examined) examined)
8+ 46 58 79
13± 34 72 [ 81
18+ 24 80 89
26+ 1 3 87 100
35+ 9 100 100
These data were obtained on patients in the 39th General Hospital between 7
February, 1943, and 15 May, 1943, chiefly during the month preceding the latter
date when a special effort was made to obtain specimens of feces from as many
individuals as possible with eosinophilia of 8 per cent and over. Forty-one of the
individuals were discovered during the period from 16 April, 1943, to 15 May,
1943, and 9 had been found previously. Four of these 50 men had eosinophile
levels of less than 8 per cent. Forty-four of the feces specimens contained hook-
worm ova and 6 contained larvae of S. stercoralis. The method employed was the
direct examination of warm specimens and saline centrifugates (Kofoid and Barber).
Eosinophile percentages are presented as cumulative data, i.e., the group "8+ per
cent" includes all of those below it in the left hand column.
This table presents correlation data only on individuals with eosinophilia and it
does not give adequate information on the incidence of positive stools among those
without eosinophilia. Data on the latter point, based on routine examinations of
random samples of a non-hospitalized population, are presented in table 2.
* Here, and elsewhere in this paper, "positive stool" is meant to indicate one
containing hookworm ova, or Strongyloides larvae, unless otherwise specified.
at their encampment the findings in 516 stool examinations were
correlated with the eosinophile counts of the same men obtained
independently (table 2).
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Correlation of eosinophilia and hookworm disease or strongyloi-
dosis: Although the demonstration of the etiological agent is obvi-
ously the best diagnostic evidence of any disease, eosinophilia .has
nevertheless proved to be an excellent criterion of the existence of
hookworm or Strongyloides infection among troops evacuated from
the Solomon Islands. The evidence for this is outlined in the suc-
ceeding paragraphs. In what follows, "positive stool" is defined as
one containing hookworm ova or the larvae of Strongyloides.
Table 1 presents the results of a correlation made on patients in
the hospital, using the saline centrifugation technique of Kofoid and
Barber. The details are presented in the legend that accompanies
the table. The correlation is excellent, particularly at the higher
levels of eosinophilia and when more than one stool is examined.
Further data, based on much larger numbers, but with the stool
examination by the simpler saline flotation technique without cen-
trifugation, are presented in table 2. Here the results of a single
stool examination are correlated with those of a single eosinophile
count. Of the men of the 43d Division on whom eosinophile levels
had been obtained at their encampment in the New Zealand rest area
516 submitted stool specimens that were examined independently.
In the table the results are grouped according to whether the stools
were positive or negative; 139 specimens contained hookworm ova
and 377 were negative. Again the eosinophile levels (column 1,
table 2) are stated as cumulative data, that is, the group "6+"
includes all of the groups below it in column 1, etc.
It is clear from table 2 that the population which had the higher
incidence of eosinophilia hadthe greater proportion of positive stools.
Thus the veterans of the 169th Regiment had 23.8 per cent of indi-
viduals with eosinophile levels in excess of 5 per cent (Group I,
column 5) and 13.7 per cent (34/248) with positive stools, and the
172nd had 55.9 per cent of eosinophilic men and 39.2 per cent
(105/268) with positive stools. Both types of data were derived
on the basis of a single examination. On this basis, the presence of
eosinophilia seems to be a more sensitive criterion than is the actual
demonstration of the ova in the stools. The greater sensitivity of
the eosinophilia criterion in this group of individuals is based on the
following facts:
1. Many individuals were so recently infected that oviposition
in the intestine may not have begun, even though the eosinophilia
was at a high level.
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2. The ova and worm counts presented below indicate that
many individuals, although lightly infected nevertheless had a
marked eosinophilia. The increment in the percentage of positive
stools obtained by examining 2 stool specimens is shown in table 1.
This is particularly striking at the lower levels of eosinophilia.
Table 2 also shows that in an exposed population with a rela-
tively low incidence ofeosinophilia the proportion ofnon-eosinophilic
ndividuals passing ova is relatively large. Thus, 53 per cent (see
column 3 in table 2) of individuals with positive stools in the 169th
Infanitry had eosinophile levels below 6 per cent, whereas the com-
parable figure for the 172nd Infantry was only 17.1 per cent. The
probable reason for this is that such individuals may represent chiefly
the old group of hookworm carriers who have lost their eosinophilia.
INCILDENCZ Or OE5INNODILIA
ANDDCELATIONBT-WCN E3NOP9ILLAND LCLCOCYTC LCVELL
IN PATICNT5 AT .59Lh GENCPAL HO5PITAL ...E.B 1Q4. to 14 NOV 1945 INKCW3N
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CHART 1. The data in this chart are presented as percentages of all leukocyte and differential
oounts and are based on numbers of examinations rather than number of patients. Fwour cumulative
groups are established depending on eceinophile level, Group I including all of the others, Group II
including Groups III and 1V. etc. The total height of any column represents the percentages of
counts for that month at the eosinophile level of the particular group. The key to the data con-
cerning leukocyte counts is given in the insert; again the reference is to total counts for the month.
The figures at the top of the slant-lined column, however, represent the percentage of counts showing
a leukocytosia in excess of 10,000, based on the total height of the column. (See tables 3 and 4.)EOSINOPHILIA, ANCYLOSTOMIASIS AND STRONGYLOIDOSIS
These form a relatively large proportion of the infected population
where more recent infection has not occurred. This finding enhances
rather than vitiates the usefulness of the eosinophilia survey as an
TABLE 3
PATIENTS IN 39TH GENERAL HOSPITAL (15 FEBRUARY, 1943, TO 14 NOVEMBER, 1943,
INCLUSIVE): LEUKOCYTE AND DIFFERENTIAL COUNTS
Leukocytes I I I I
M/mm.3 Eosinopilia Feb.* Mar. |Apr. May June July |Aug. Sept. Oct. Nov.*
21 &up 0 1 ol ol ol 0l ol 0l If 0
16-20 01 01 21 31 0l ol 11 21 0 1 0
0-5 11-15 0 1 1 31 11 11 21 21 31 1 0
_ 6-10 2 1 6 51 101 51 1i1 71 81 7 3
21 &up 0 1 121 101 41 IIf 51 IIf 17 4
16-20 0 I 81 91 51 71 131 141 5 1 8
6-10 11-15 1 9 1 181 2sf 81 171 121 231 12 11
6-10 6 52 701 831 651 931 103f 991 69 1 43
21 &up 0 0 131 61 31 111 71 141 13 1 7
16-20 0 5 1 21 41 41 71 81 III 19 1 6
11-15 11-15 0 f 6 91 IIf 31 141 71 151 8 11
6-10 3 23 1 251 181 201 421 351 431 33 1 22
21 &up 0 6 10l 31 31 31 31 61 6 0
16-20 of.o ol ol ol ol 21 41 4 0
16 &up 11-15 !°o 2 21 11 ol 21 31 11 7 2
_ _6-10 0 1 o] 51 31 1[ 71 61 51 7 2
0-5 241 614 8511 8271 8911 900f 9051 7851 717 375
___ I I I I I I
.I Total 253 727 1103511014110141112611116110441 926 494
* Half month only. (To accompany Chart 1.)
epidemiological tool for estimating the extent of recently acquired
hookworm infection.
Evidence concerning the timie when this method is most accurate
is obtained bycorrelating the incidence of eosinophilia with the pre-
sumptive time of greatest exposure to the disease (Chart 1, tables 3
a,nd 4).. It is obvious that there are two peaks, each between 3 and
4 months after the height of the Guadalcanal and New Georgia cam-
paigns respectively. For the Army the Guadalcanal campaign began
on 17 December, 1942, and ended on 9 February, 1943. The New
387388 YALE JOURNAL OF BIOLOGY AND MEDICINE
TABLE 4
PERCENTAGE DISTRIBUTION OF LEUKOCYTOSIS WITHIN THE VARIOUS EOSINOPHILE GROUPS
Leukocytes i
Eosixophiia M/mm3 Feb.* Mar. Apr. | May June July Aug. Sept. Oct. Nov.*
l0 7b7o So 5t° I ° o 5bgfo I So S go
11-15
-25 30.1 126.7 120.8 124.6 32.51 26.81 32.3 1 34.91 38.6
6%o&nup 16 & up 0 6.81 9.2 3.71 2.51 5.5 6.3 6.3 111.51 3.3
Com%p. 25 136.9 35.9 24.5 127.1 38 133.1 38.6 46.4 41.9
_u 11-15 0 134.1130.3128.8131.3143.2!34.9 38.5 43 148.9 16&up 0 124.3115.11 5.5I 7.41 6.7112.7110.6 18.3 4
Comb. 0 158.4 145.4 34.6 40.7 49.9 47.6 49.1 61.3 52.9
11-15 0 138.8131.9]28.5135 [46.1138.5140.3149.2152
16% &up 16&up 0 J38.8J21.3J 8.6T15 [ 7.7112.8115.2115.41 0
Comb. 0 77.6] 53.2 37.1 150 153.8 151.3 55.5 64.6 152
11-15 0 0 137.1]31.5130 r44 146.6145.1135.1163.6
21%o & up 16 & up 0 ° 77.7 128.5 15.8130 12 [20 119.3 116.21 0
Comb. 0 177.7 165.6147.3 60 56 |66.6 64.4 51.3 163.6
* Half month only. (To accompany Chart 1.)
Georgia and associated islands campaign began in June, 1943 and
ended on 15 October, 1943. In each instance leukocytosis accom-
paniedthe height ofeosinophilia and is largelyaccounted forbythose
individuals having the higher eosinophile levels (compare Group I
TABLE 5
FALL OF EOSINOPHILIA WITH TIME
(25th Division, 35th Infantry Regiment)
Eos.
Level In the field In the field In the hospital
_0 _ Nov. 15-30, 1943 Jan. 1-15, 1944 Dec. 1-15, 1943
6+ 46.3 41.0 32.4
8+ 36.4 32.5 22.4
10+ 26.0 22.7 16.6
13+ 16.9 11.1 10.9
Total men 700 581 349
All figures are given as percentages except in the lowest horizontal column. The
troops were in New Zealand during the entire time. "In the field" refers to the
surveys done on the men at their encampment. The three groups were not composed
of exactly the same individuals, but were of the same group of veterans.EOSINOPHILIA, ANCYLOSTOMIASIS AND STRONGYLOIDOSIS 389
with Groups II, III, and IV in the chart). In the 39th General
Hospital series the highest percentage of eosinophiles was 67 at a
leukocyte count of 28,000; the highest count was 47,000 in an indi-
vidual with 48 per cent eosinophiles.
Further evidence concerning the duration of eosinophilia is given
TABLE 6
BLOOD EXAMINATIONS
IN CASES OF ANCYLOSTOMIASIS CONTRACTED 23 JUNE, 1932
(From Ashford, Payne, and Paynel)
Case I Date Hemoglobin o Red cells Whitecells IEosinophile %o
I
2
3
4
5
6
7
8/ 3/32
10/ 3/32
6/28/33
8/23/32
9/ 9/32
6/21/33
8/17/32
9/28/32
6/28/33
8/22/32
10/12/32
6/21/33
8/24/32
9/ 8/32
6/21/33
8/31/32
11/22/32
6/21/33
9/ 2/32
9/19/32
6/21/33
17
78
75
42
52
77
65
66
74
70
68
80
60
55
75
64
60
76
75
60
76
1,256,000
3,264,000
4,260,000
2,240,000
3,416,000
4,700,000
3,808,000
3,744,000
4,040,000
4,536,000
4,192,000
5,100,000
4,552,000
3,936,000
3,850,000
4,256,000
3,720,000
4,300,000
5,400,000
3,824,000
4,350,000
36,200
17,800
13,400
20,400
41,200
12,950
21,600
10,800
9,100
78,400
28,800
9,600
27,000
25,000
9,600
17,400
7,750
7,450
37,300
20,000
10,550
14
78
10 .
55
87
33
36
74
16
68
88
30
51
72
11
33
62
6
69
91
20
in data from the 25th Division (table 5), where veterans in the
same unit, not necessarily the same men, were surveyed on two occa-
sions during their periods of rest in New Zealand where there was
no new opportunity to acquire hookworm infection. This shows
only aslight fall in eosinophile levelsduring aperiod of eight weeks.
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When members of the same group were studied as hospital patients
in the interim, the incidence of eosinophilia was lower. This is
probably the effect of malaria which was the cause of 50.6 per cent
of the admissions during the interval when the observations were
carried out.
It is remarkable that the essential principles elaborated in the
two preceding paragraphs, which are based on massive numbers of
men, are substantiated in an intensive study by Ashford' et al. of a
group of 7 individuals whose exact date of exposure was known
(table 6). These members of a family party all swam for 4 hours
on 23 June, 1932, in a bay in Puerto Rico into which recent heavy
rains had caused a neighboring body of stagnant water to overflow.
Upon emerging all had severe itching in the area covered by the
bathing suit. One week later all felt as if they had a "cold," and a
week after that they were afflicted with a feeling of weariness and
with epigastric pain that later became colicky. All had diarrhea,
that in some instances was bloody. The course of the hemogram is
shown in table 6. Again, the peak of the eosinophilia generally came
between 3 and 4 months after the infection. The peak ofleukocyto-
sis came somewhat earlier. The species of nematode was A. dio-
deuale, the same that predominated in the present series of observa-
tions. It is interesting to note that eosinophilia was still manifest at
the end of a year of observation and after repeated treatments with
caprokol and CC14.
Since among troops in the South Pacific area the correlation
between eosinophilia and hookworm infection is strong, the obvious
advantages of the eosinophile criterion as a measure of the latter
within one year after infection are:
1. Greater ease,"-speed, and convenience of obtaining a large
mass of data.
2. Greater sensitivity in detecting recently acquired infection.
Epidemiology of hookworm infection among troops in the South
Pacific: Hookworm infection is largely acquired during combat.
Its extent is governed 'by the duration of combat and by the use of
former native or enemy bivouac areas. The 25th Division, which
went through both the Guadalcanal and New Georgia campaigns,
had a much higher incidence of eosinophilia than did the 43d, which
had the experience only of the latter (Chart 2). Furthermore, the
relative position of the various types of units is remarkably similar
when they are arranged according to the degree of eosinophilia
390I
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CHART 2. Total height of each bar in the graph gives the percentage of individuals with an
eosinophilia of 6 per cent or over; the level of the dotted line represents the percentage with eosino-
philia of 8 per cent and over; the top of the slant-lined column is a measure of the percentage
of those with eosinophilia of 10 per cent or more, and the top of the black column represents the
percentage of men with eosinophilia of 13 per cent and above.
The data for the two divisions are presented to the same scale. The greater incidence of
eosinophilia in the 25th Division is obvious.
"Group" refers to unit of the Division; "Strength" refers to number of men examined. (See
tables 7 and 8.)
Index of Abbreviations:
A-T =Anti-tank F.A. =Field Artillery Q.M. =Quartermaster
BD. =Band F A.B. = Field Artillery Battalion ORD. =Ordnance
BN. =Battalion HQ. =Headquarters REC. =Reconnaissance
CN. =Cannon TINE =Combat Infantry REG. =Regimental
CO. =Company M.B. =Medical Battalion SIG. =Signal Company
DVN. =Division MI.D. = Medical Detachment SV. =Service
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(Chart 2, and tables 7 and 8). It is obvious that the infantry line
troops, which have the most intimate fox-hole contact with the soil,
have the highest incidence; battalion medical troops, acting as
60
BN. BN. 25thDIVISION
LINU LINE EO3INOPHILIA LnREGIMENT3
50- lUlNyLINE LINE&HQCOMPAPED
---BN.
J40 .N
GROUP 27thUINS LINE 0.
CHART 3.- (Seetabe 9) Ky a inChat 2PEG
nd diiso heduatr troshv.ls ifciniht ore. opca anMrc2eytoosaerltvl sihl netd
1- ~~~~~~~~~PEG 20 MO
10-
0
TPOUD 27th INF 161o t INE a5te INal
5TPENGTf1 607 157 .35 685 181 104 1,565 324 117
CHAaT 3. (See table 9.) Key as in Chart 2.
stretcher bearers have a s-imilar incidence. Battalion, regimental,
nd division headquarters troops have. less infection in that order.
Special and artlillery troops are relatively slightly infected.
The superior living facilities of the headquarters and special
troops are indicated in the "Estimate of General State of Sanitary
Conditions," supplied by the Surgeon, 25th Division, portions of
which are quoted: "Division Headquarters and Special Troops in
and out of combat had the advantage of cots, mosquito nets, repel-
lent, box latrines and screened kitchen facilities . . . All infantry
regiments out of combat had the same advantages as Special Troops.
In combat, troops lived on the ground, slept in foxholes, generally
in water. Clothing was wet most of the time from rain or perspira-
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tion. Bathing was impossible for periods up to 30 days, nor was any
change of clothing possible. Socks were issued on occasion but in 2
or 3 hours were as bad as before. Shoes deteriorated rapidly due
to constant dampness. Feces were disposed of by digging individual
holes with entrenching tools; some deficiency was noted in this
regard. In bivouac areas and when the situation permitted slit
trenches were used . . . The Artillery Battalions, as with Special
Troops, had advantages of sanitation throughout the entire period."
Examination of station and combat. lists supplied by Headquar-
ters of both divisions gives evidence of an even closer correlation
of hookworm disease and the intimacy with the soil brought on by
combat, and with the presumptive degree of infection of the soil
as the result of previous contamination by the natives and by the
Nipponese. In the presentation that follows no incompatible data
have been omitted.
Inthecase of the 25th Division, where duration of combat of the
regiments was essentially similar, factors of contamination of the
soil played the more important role (See Chart 3, table 9). The
TABLE 9
25TH DIVISION
PERCENTAGE OF EOSINOPHILIA IN INFANTRY REGIMENTS, BY UNITS
Regfl Eos. Bn. Bn. Reg. Bn. Reg. New
ment levels A-T M.D. Line M.D. BBand Hq. Cannon Hq. Service Troops
6t 6+ 63.6! 156.5 ;53.8132.4138.9 41.3 f'52.7 50.0 _
27th 8+ 53.01 47.6 46.2129.71 30.6 32.6 |40.0J 33.3 ....
Infantry l | 10+ 145.6 | ___ 38.7 4 43.6 20.6 | 26.1 24.0 129.1 | 33.3 | ....
13+ 24.2] ....i24.4 36.0111.8115.9 10.9 114.5 16.6 I ....
TotalNo. 66 I 6071 39[ 34 157 46 | 551 12 1 ....
6- 62.4 148.5 155.8 [ 16.5 [60.0 147.0 32.7 33.81 36.1 J 17.4
161st 8+ 39.0 I 45.5 145.8 116.5 [45.0 33.1 22.4 118.3 I 25.0 __9.7
Infantry 10+ 35.5 35.6 | 34.7 | 8.2 140.0! 24.3 12.3 1 15.6 | 22.2 5.4
Regt. 13+ 22.6 18.2 20.91 8.2 15.0 11.6 2.0 6.41 11.1 1 1.7
TotalNo. 931 77 683| 12| 20 181 44 104 36 1142
6-i. 30.2 44.4 I 40.9 [37.9 38.7 130.6 29.2 32.5 19.2 I ....
35th 8+ 18.8 I44.4 30.7 1 30.3 1 24.2] 21.9 15.1 1 23.91 12.5 1 ....
Infantry 10+ 13.5 33.3 21.3 [27.4 16.1 14.5 9.7 |11.91 7.7 ....
Regt. 13+ 3.1 0.0 10.8 10.6 9.7 4.9 1.4 | 3.4 1.9 |_....
TotalNo. 961 9 115851 66] 62] 324 72 | 1171 104 |_...
Total= 7228 men (including new replacements). (To accompany Chart 3.)
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stay in the combat area was as follows: 27th Infantry, 117 days (48
days intensive combat); 161st Infantry, 125 days (40 days intensive
combat); 35th Infantry, 113 days (49 days intensive combat). The
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CHIART 4. (See also table 10.) Key as in Chart 2. 43d Division Group "A" comprises men assigned
to the Division before June 1943; Group "B" consists of replacements, received during June, July,
and August 1943, who went through the New Georgia campaign; and Group "C" encompasses all
troops assigned to the Division since August 1943. Most of the troops in Group "C" had never
been in combat.
las,t mentioned was the only group not on New Georgia itself where
most of the hookworm infection of the 43d Division was acquired,
as indicated below. According to the report of the Surgeon, 25th
Division, "Japanese bivouac areas occupied by the troops were:
Lanmbu Lambu, Vella La Vella-3d Bn, 35th Infantry
Zieta, New Georgia-2nd and 3d Bns, 27th Infantry
Enogai, New Georgia-ist Bn, 27th Infantry
Kolombangara-Ist Bn, 27th Infantry.
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The camp at Zieta had also been a native village previously. The
men had only shelter halves between themselves and the ground.
The only mess gear carried by each man was one spoon, which could
not be properly washed. The hands, likewise, were not washed
when water had to be packed in."
A close parallelism of eosinophile level and duration of combat
exposure is brought out in the 43d Division:
a. The 172nd Infantry Regiment, which had been in the active
TABLE 10
43D DIVISION
PERCENTAGE OF EOSINOPHILIA IN INFANTRY REGIMENTS
(Veterans and replacements contrasted)
Eos.
levels Group Group Group
Regiment _ A B C
6+ 16.8 19.0 1 14.9
103d 8+ 11.3 11.3 6.6
Infantry 10+ 7.2 9.4 1 3.4
Regt. 13+ 2.8 1 3.8 | 0.8
Total No. 1278 1 53 | 651
6+ 20.9 27.1 T 13.6
169th 8+ 14.0 15.2 | 6.7
Infantry 10+ 8.1 F 11.8 | 2.9
Regt. 13+ 3.6 | 6.3 1.1
Total No. 1351 349 1094
6+ 42.8 59.5 18.7
172nd 8+ 34.7 46.7 10.7
Infantry 10+ 28.7 40.1 J 6.0
Regt. 13+ 17.0 26.5 2.4
.Total No. 1168 257 | 906
(To accompany Chart 4.)
fighting in New Georgia for approximately 3 months, had by far
the highest incidence (compare Groups A in Chart 4 and table 10).
In contrast with this, the 169th Infantry Regiment was in combat
approximately 6 weeks and the 2nd and 3d Battalions of the 103d
Infantry Regiment for 4 and 5 weeks, respectively.
b. The 1st Battalion of the 103d Infantry Regiment had prac-
tically no combat experience and showed a much lower incidence of
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eosinophilia in comparison with the other battalions of this regiment
(Chart S and table 11).
c. Of the Field Artillery battalions, the 169th had approNi-
mately two times as 431LDIMCPIONT much firing experience
EO351NFPHILIA NT5 in actual -combat as any EOS 1NOPHLIA BlNS. of the others and was
also outstanding in the
incidence of eosinophilia
(Chart 6 and table 12).
< Further evidence that
most of the infection
0took place during actual
z combat is made obvious
0 _ by comparing Groups
A, B, and C of the 43d
. Division in Chart 4.
3- L Group A represents the
oldest group of veter-
ans. Group B consists
of replacements re-
GROUP IstBN. 2r.Bq1 35rlBN ceived during June,
STPENGTH 388 154 317 July, and August 1943,
CHART 5. (See table 11.) Key as in Chart 2. who went through the
New Georgia campaign.
Group C encompasses all troops assigned to the Division since Aug-
ust 1943. Most of the men in the last group had never been in com-
TABLE 1
43D DIVISION (GROUP A)
103D INFANTRY REGIMENT
(Incidence of Eosinophilia in Battalions)
Eos. levels 1st Bn. 2d Bn. 3d Bn.
6+ 13.4 24.6 20.2
8+ 8.5 16.4 14.5
10+ 6.4 10.5 10.1
13+ 2.1 3.7 4.7
Total No. . 388 134 3 17
(To accompany Chart 5.)
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Anicylostorna duodenale from patient J. S., Co. "C," 172nd INF. Regt., 43d Div. x 140.
FIG. 1. Direct A-P view.
FiG. 2. Copulatory bursa of mnale. Note long spines and canals in the terminal processes.
FIG. 3. Same as Fig. 1 with deeper focus to show pharyngeal "teeth." FIG. 4. Semi-profile showing front and pharyngeal "teeth" in focal section.
X " '. -EOSINOPHILIA) ANCYLOSTOMIASIS AND STRONGYLOIDOSIS
bat. In each instance Group B, which arrived just in time for the
New Georgia campaign, not only paralleled but exceeded the older
veterans of Group A, whereas only a few of the new arrivals (Group
C) weresubjected 4~ii0~
to the primitive DIV151ON
-conditions pre- FIELDAPTILLLPY
vailing d u ri n gE 5NOPILIA N.
and immediately
after the fighting. 30
One reason why
Group B troops
hadanevenhigher j
incidence than the i 20
Group A veterans 0 z is that they re- n
placed, in the 2I
m a i n, exposed j 10
front line troops 3
r-ather than
Headquarters and
Service troops, 0
which compose a OPOUP 105t1 I5&scl 192nl 169t
relatively 1arge PTPENGTH 407 573 454 518
prop ortion of CHAT 6. (See table 12.) Key as in Chart 2.
Group A.
Evidence that the infection is in the main not of American origin:
Conclusive evidence that the worms were predominantly acquired in
TABLE 12
43D DIVISION (GROUP A)
FIELD ARTILLERY BATTALIONS
(Incidence of Eosinophilia)
Eos. levels 103d 152nd 192nd 169th
6+ 13.0 13.7 13.4 21.4
8+ 7.6 4.6 7.1 12.2
10+ 5.2 3.3 4.4 8.8
13+ 1.9 0.8 1.9 3.5
Total No. 407 373 434 318
(To accompany Chart 6.)
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the tropical islands of the Pacific rather than from the original seed-
ing in the American troops isthe fact that the majority of hookworms
recovered after treatment of these soldiers are of the A. duodenale
species, which is very rare in the United States (Figs. 1-4). This
species diagnosis was proved ofeach worm in atotal of 886 recovered
from 10 individuals under treatment in the hospital as part of a
special clinical and parasitological study carried out by Major J. N.
D'Esopo, Captain J. M. Thompson, and Lieutenant C. A. Hannum.
In this group no Necator was found, although they had been identi-
fied in this laboratory occasionally in the past.
Degree of infection: That the infection among these troops gen-
erally is light is indicated by the fact that Stoll egg counts averaged
between 400 and 8000 per cc. Among 12 hospitalized individuals
selected for the special study mentioned in the preceding paragraph,
however, 2 had egg counts of 29,200 and 70,100, respectively,
probalbly indicating6' 7 a worm burden of 300 and 700, respectively.
According to some4 a Stoll coun't of approximately 2,600 ova per cc.
is likely to be associated with symptoms. In all, 508 Stoll counts
were made on these 12 patients before, during, and after anthelmin-
thic treatment. The correlated laboratory and clinical study will be
reported separatelyby D'Esopo, Thompson, and Hannum.
Symptomatology: For the purposes of this report it is sufficient
to state that the vast majority of infected individuals complained of
no symptoms. Where they existed at all, the complaints were
usually of epigastric pain. Only 5 cases of true hookworm disease
with profound anemia and the associated signs and symptoms, other-
wise unexplained, were encountered among over 600 men who were
proved to have the infection by demonstration of the ova. Table 13
indicates that, in general, the infection as indicated by eosinophilia
had no noticeable effect on the erythrocyte level. Hookworm infec-
tion may, however, have contributed to the severity of certain cases
of other diseases and disabilities, such as the anemia following
infected fractures, malaria, etc.
Difficulty of cure: It has not proved possible in the experience
of the special study group mentioned above, by the use of as many
as 14 treatments with 4 cc. doses of tetrachlorethylene to effect a
biological cure in more than 50 per cent, even of lightly infected
individuals. This substantiates the experience ofAshford" et al. with
A. duodenale infection, but is contrary to the findings with N. amer-
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canus as summarized by Strong.8 This resistance to therapy may be
a characteristic of the Ancylostoma species.
Possible military significance of ancylostomiasis: Subclinical
hookworm infection may reach the level of hookworm disease if the
dietary conditions5 of the troops should become bad; likewise, re-ex-
posure -by sending troops already infected en masse repeatedly into
new campaigns on contaminated soil may significantly reduce the
efficiency of the military machine.
SUmlmary and conclusions
1. In certain areas of the South Pacific eosinophilia has been
closely correlated with recentlyacquired hookworm or Strongyloides
infection; consequently its detection has served as a convenient and
rapid tool for the investigation of the natural history and epide-
miology of these conditions.
2. Even light infections may be associated with a marked
eosinophilia during the first 4 months. Consequently, before draw-
ing conclusions concerning the significance of the eosinophilia many
stool examinations may be necessaryto demonstratetheova orlarvae,
even if sufficient time has elapsed for oviposition to have taken place
in the intestine.
3. Study of large numbers of hospital patients continuously
evacuated fromm the islands has shown that peaks of eosinophilia and
leukocytosis occur between 3 and 4 months after infection, 'but the
eosinophilia is probably still useful as a criterion of hookworm or
Strongyloides infection as much as one year later.
4. Hookworm infection as indicated by eosinophilia has been
widespread among combat troops in the islands of the South Pacific,
although severe hookworm disease is rare.
5. The infection affects chiefly front-line infantry soldiers,
is in the main acquired during com'bat, is proportional in extent to
the duration of the fighting, and is increased by the use of native or
captured enemy bivouac areas.
6. Ancylostoma duodenale has been the common species in
troops infected in the islands of the South Pacific.
7. Biological cure, using tetrachlorethylene, has been difficult
to attain, even in lightly infected individuals.
8. Continued re-exposure of the large number of men already
involved, as by further campaigning in heavily seeded areas, or a
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decline in the quality or amount of the diet, may convert subclinical
infection into disease of military importance.
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